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@ Metliod and system for processing organic waste liquid. 



@ Waste liquid is cleaned or purified primarily by removing organic contaminants therefrom by combination of 
a floating filter layer and an anaerobic biological process. The floating filter layer consists of irregularly shaped 
small pieces of lipophilic substances such as polypropylene and other plastics, and the organic contaminants are 
on the one hand filtered by this floating filter layer, and on the other hand decomposed on the surface of the 
small pieces forming the floating filter layer through anaerobic biological process. The system of the present 
Invention is economical to build, and can be used as a part of sewage and waste liquid processing installations 
either for industrial or for household use. 
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TECHNICAL FIELD 

The present invention relates to oiethod and system for cleaning or otherwise processing waste liquid, 
and in particular to such method and system for cleaning waste liquid contaminated by organic wastes. 

5 

BACKGROUND OF THE INVENTION 

Methods of processing waste liquid with a waste liquid processing system comprising a body of waste 
liquid, and a floating filter disposed above this waste liquid body and consisting of floating plastic pieces 

JO having a specific weight less than that of water are described in US Patent No. 4.11 5.266 issued September 
19, 1978 to the Inventor of the present application. 

The organic waste liquids from the fast food and restaurant industry, the marine product processing 
industry, and the meat production industry generally contain animal and vegetable oil. and their BOD and 
COD levels are typically at the extremely high levels of 5.000 to 10,000 mg/Iiter. Batch processes, lagoons 

15 and aeration are typically employed for cleaning such high concentration organic waste liquids. However, in 
carrying out such processes, the biological process is hampered by the presence of large amounts of oil 
matters, and the pre-processing such as aggregation/precipitation and/or floatation separation process are 
therefore indispensable. This calls for a need for large-scale facilities, and causes an increase in the running 
cost. Further, the process is too complex for it to be used in small-scale facilities such as sewage 

20 processing systems intended for individual household use. 

The methods described in the aforementioned US Patent account for organic waste liquids containing 
large amounts of oil matters, but do not provide that the waste liquid is allowed to move at a speed suitable 
for anaerobic processes. On the contrary, aeration was considered necessary for promoting aggregation of 
foreign substances on the particles forming the floating filter layer. 

25 ^ 

BRIEF SUMMARY OF THE INVENTION 

In view of such problems of the prior art. a primary object of the present invention is to provide method 
of purifying or cleaning waste liquid which can be implemented efficiently and economically. 

30 A second object of the present invention is to provide a method of cleaning organic waste liquid 
containing oil matters which can eliminate contaminants to a sufficient extent to allow it to be released to 
rivers and lakes without causing any harm to the natural environment. 

The present invention is also directed to systems which are suitable for carrying out such methods. 
These and other objects of the present invention can be accomplished by providing a system for 

35 processing organic waste liquid, comprising: a vessel which is substantially enclosed to define an internal 
chamber substantially free from external air supply, and provided with an inlet and an outlet for inflow and 
outflow of waste liquid into and out of said vessel, respectively; a floating filter layer separating the interior 
of said vessel into two parts communicating with said inlet and said outlet, respectively, said floating filter 
layer consisting of pieces, particles or flakes of material having a true or apparent specific gravity 

-'0 substantially equal to or less than that of said waste liquid; and means for keeping said floating filter layer 
within a prescribed part of said inner chamber: a flow rate of said waste liquid passing through said vessel 
being so determined as to allow said waste liquid to stay in said vessel at least for one hour, preferably at 
least for three hours. The waste liquid may be passed through the floating filter layer either as an upward 
flow or as a downward flow. 

^5 In the case of a downward flow, substances to be separated having lower specific densities than waste 
liquids such as frying oil and so on contained in the waste liquid grow into particles of larger sizes on the 
surfaces of the pieces, blocks or small molded pieces forming the floating filter layer, and are thereby 
separated from the waste liquid to be expelled from an upper part of the vessel, along with gasified 
substances, by suitable means such as a pump for pumping up the oil forming a layer in the uppermost 

50 level or any commercially available oil absorbing agents. 

Emulsified oil containing SS (suspended solids) and detergents is converted into substances having low 
molecular weights such as acetic acid, butyric acid and propionic acid in the floating filter layer and in other 
parts of the interior of the vessel by anaerobic bacteria. 

In the case of an upward flow, a similar anaerobic process is carried out in the sludge at the bottom of 

55 the vessel as well as in the floating filtering layer by anaerobic bacteria which have multiplied therein. The 
amount of microbes (MLSS) in these contact media can reach in excess of 10,000 mg/liter, and this 
significantly contributes to the process of decomposition. 
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In either case, the floating layer of the plastic pieces, which may be in the form of foamed plastic 
pieces, is swollen by SS and oil matters to thereby prevent clogging, and very little sludge is produced 
since most of the organic substances are converted into acids. Therefore, very little maintenance work is 
required, and the running cost can be minimized. 

5 If the concentration of the oil matters including emulsion is 100 to 2,000 mg liter, 80% thereof can be 

recovered when the filtering layer is approximately 1 meter in thickness, and it is possible to reduce the 
contamination level down to 30 mg/liter. It means that this method Is a highly economical and simple 
processing method not requiring injection of any chemical agents because the permissible level of waste 
liquid which is allowed to be released to the sewage Is typically 30 mg/liter. 

10 Since the high concentration organic waste liquid from which 80% of the oil matters has been removed 
is then passed through a layer of high concentration anaerobic bacteria layer so that BOD. COD and SS 
may be removed therefrom by 80% or more, an ultimate removal ratio of 95% or higher may be achieved 
for BOD, COD and SS in a short time by combining an aerobic bacteria process using a vessel containing a 
floating layer of pieces, blocks or molded pieces as a secondary processing step. However, in this case, it 

15 is necessary to adjust the pH level. This two-step process is highly effective when the waste liquid is to be 
released to rivers and lakes. 

In addition to the fact that the method of the present invention allows reduction of BOD and COD loads 
by removing substances having lower specific weights such as oil matters and gases, and the speed up of 
decomposition of organic matters by maintaining the anaerobic bacteria at high level, the rise In the 

20 temperature of the waste liquid due to the bacterial fermentation further speeds up decomposition. In the 
case of organic waste water from a household containing a high concentration of oil matters, even when the 
temperature of the original waste water was 7 ' C on average, the temperature of the processing vessel was 
always maintained at 20 to 21 " C. and it promoted the decomposition of the organic matters. At the same 
time, methane gas was generated by methane bacteria, and an efficient utilization of energy was made 

25 possible by recovering this methane gas in addition to the oil matters. The vessel may be heated to 30 to 
35 • C to efficiently recover the methane gas. 

As a means for slightly stirring the sludge settling at the bottom of the vessel, the waste liquid inlet for 
introducing the waste liquid into the vessel may be located in a side portion of the vessel at a level rear the 
bottom of the vessel, preferably defining a certain angle relative to a horizontal plane. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

Now the present invention is described In the following with reference to the appended drawings, in 
which; 

35 Figures 1 and 2 are sectional views of concrete examples of the upward flow and downv/ard flow 
systems, respectively, which may be used for carrying out the method of the present invention; and 
Figure 3 Is a sectional view of yet another concrete example of the system which is additionally provided 
with a second processing vessel for an upward flow aerobic process as a secondary stage. 

40 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 shows a first embodiment of the floating filter waste liquid processing system according to the 
present invention. This system comprises a cylindrical vessel 1 which is provided v/ith an inlet 2 defined in 
a side wall portion of an upper part of the vessel 1 , and an outlet 3 defined in a side wall portion of a lower 

45 part of the vessel 1. The interior of the vessel 1 is separated into an upper chamber 4 and a lower chamber 
5 by a sieve or grid 6 of wire mesh extending over the entire cross section of the vessel 1. 

This grid 6 confines a floating filter layer 7 formed by particles or flakes made of a lipophilic substance, 
such as atactic polypropylene, atactic ethylene propylene co-polymer, porous polyethylene, tactic poly- 
propylene, styrene foam, urethane polymer flakes, urethane foam pieces and other p'astic materials having 

50 a true or apparent specific weight substantially equal to or less than that of the waste liquid, immediately 
below this grid 6. These particles or flakes are irregularly shaped so that formation of straight paths for the 
v/aste liquid may be avoided, and a favorable contact between the surfaces of the particles or flakes and the 
waste liquid may be achieved. To achieve a favorable contact between the surfaces cf the particles forming 
the floating filter layer 7 and the contaminants, the particles of the floating filter layer are allowed to move 

55 freely insofar as allowed by the grid 6. The mlet 2 may define a certain angle relative to the radial line as 
seen on a horizontal plane of projection so that a favorable contact between the surfaces of the particles 
forming the floating filter layer 7 and the contaminants may be achieved without increasing the flew rate of 
the waste liquid flowing through the vessel l. As shown in Figure 1. the lower chamber 5 is substantially 
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larger than the upper chamber 4. However, the floating filter layer 7 may extend to the uppermost part of 

rinn^^'iS^'Z^n^T ff.fo'f '1.^'"^''°"' °' "°^''"9 reference is made to the aforemen- 

tioned US Patent No. 4.1 15.266 which is herein incorporated by reference 

' »nH J " '"'l^^' ^^"''^^'^ """^ ^ ^ "^^^ '^^ uppermost part thereof for removing oil 

and other substances having a specific weight smaller than that of the waste liquid, and a third outlet 10 

t 1'^°"°'^,'^^" °' ••^^ removing sludge and other substances having a specific weight 

larger than that of the waste liquid and tending to settle in the bottom of the vessel The vessel 1 is 

w Z^ul TT, ""T'l'T ^ "'"^^ ^° ' P^-^P backwashmg the floating 

(0 filter layer 7 with cleaning liquid from time to time. 

,h. fCn^rn^n^ embodiment, the waste liquid is introduced from the upper inlet 2. and is filtered by 

the f oating filter layer 7. The oily substances in the influent in the form of relatively large particles simply 

TJLT T °' ' ^" °'' '^^^^ ^ '^'^'■^'^ ^^-^-e-^. a'ong with gaseous 

substances, from the second outlet 8. The oily substances in the form of small particles or emulsLs are 

f '1 V " "'"^ ''''' ' ^"'^^'"9 to the surface of the small particles of the pLt c material 

forming the floating filter layer 7. and either grow into larger particles which eventually move upward in^Te 
nJrJn.' clecomposed into acids by the action of anaerobic bacteria on the surface of the smaH 
particles of the plastic material forming the floating filte. layer 7 

.0 third'o^ueno arequ'eT"" °^ '' — ^ 

In order for a satisfactory anaerobic biological process to be carried out in this vessel, the waste liquid 
IS required to stay in the vessel, either within the floating filter layer 7. in the body of waste liquid 

oZ.rr ° '^"""^ J" ^ ^""'^'^"t P«^'°d- P^acUcal 

purpose, this time penod should be at least one hour, preferably three hours or more 

fh. inSnn °f '^^^ "°«»i"9 filter waste liquid processing system according to 

the invention. The parts corresponding to those of the previous embodiment are denoted with like numerals 
This system also comprises a cylindrical vessel 1 which, however, is provided with an inlet 2 in a side wall 
portion of a lower part of the vessel 1 , and an outlet 3 in a side wall portion of an upper part of the vessel 1 
,0 lfll rr.1 h t^P^^f "^'"if ^" "PP^^ ^^^"^ber 4 and a lower chamber 5 by a grid 6 similar to the grid 6 
30 Of the first embodiment which confines a floating filter 7 in a manner similar to that of the first embodiment 
This vessel 1 is also provided with an outlet 10 for removal of sludge in its bottom wall 

According to this embodiment, the waste liquid introduced from the inlet 2 into the vessel 1 is passed 
through the floating filter layer 7. and is expelled from the upper outlet 3. Sludges and other heavy 

3S 10 ^nr^h'^" '.'" °' "^'"'^ ^^^"'"^"y '^'^'"^^^ the bottom outlet 

35 10. Since the sludge provides a large surface area for anaerobic biological process, an active decomoosi- 
tion of organic substances takes place in the bottom region. To further promote this effect the inlet 2 may 
define a certain angle relative to a horizontal plane to slightly stir the sludge, and a certain angle relative to 

and !" f °? I P"'^ °' P^o>ect\on to promote the contact between the contaminants 

and the surface areas of the elements forming the floating filter layer 7 

'° invpri nrrh ' '""'"^ emr ,diment of the floating filter waste liquid processing system according to the 

hiln^ i T""'' ^"^^""^^ P^°^^^^ ^^'"9 ^ "°^fi"9 f'l'e^ 'ayer. and an aerobic 

tt^T TTo^. T T ''^ '^P'^'"'^ °' "y"'^'^ ^° P^°^^^5 ^^s'e l^q^id. and includes two 

vessels 1 1 and 21 for the anaerobic and aerobic processes, respectively 

The first vessel 1 1 is similar to the vessel 1 of the first embodiment. As a matter of fact the first vessel 
F nurt\ ^ Structure identical to that of the vessel 1 of the first embodiment. The vessel 1 1 illustrated in 
S ?K P^°^'de<:';^f a pair of grids 6a and 6b which confine a floating filter layer 7 from above and 
below. The lower gnd 6b ensures that the particles or flakes of the floating filter layer 7 be not washed away 
by the flow of the waste liquid. 

The second vessel 21 is provided with an inlet 12 in a side wall portion of a lower part thereof for 
so introducing the effluent waste liquid from the outlet 3 of the first vessel 1 1 into the second vessel 21 via a 

nn, r ^" ^ ''"^^ P°'"°" °' ^" "PP^^ P^^* °' vessel 21 for expelling the waste 

quid from the second vessel. The second vessel 21 is also provided with a floating filter layer 17 confined 

UlTt '° '"'^^ P'°''''^'' is additionally provided with aeration 

>o second vessel 21 by introducing air or oxygen particles thereinto 

According to the third embodiment, the waste liquid is subjected to an anaerobic biological orocess in 
Liln i"^"" ■ "^""^ ""'^ '^^ embodiment, and is then subjected to an aerobi^ 

biological process in the second vessel 21. The aerobic biological process is carried out primarily on the 
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surfaces of the particles or flakes forming the floating filter layer, and the oxygen required for this process is 
supplied by the air particles released from the aeration pipes. 

Example 1 

Processing of household sewage (separation of foreign matters anaerobic bacteria process) 

Waste liquid processing tests were conducted on a sewage disposal system for a household of a 
seven-member family, by using a system according to the present invention which includes a cylindrical 
vessel 370 mm in diameter and 1 meter in height, with a filter layer 40 cm in height and the waste liquid 
flowing downward in the vessel. 

Table 1 
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20 



25 



30 



35 



40 



45 



50 



Item 


Original water 


Processed water 


oil matters (mg/liter) 


300 


3 or less 


COD (mg/liter) 


2.650 


116 


BOD (mg/fiter) 


9.120 


470 


SS (mg/liler) 


8.000 


161 


pH 


6.1 


4.5 


temperature ( * C) 


7 


21 



Because the organic substances were mostly decomposed into acids, the pH level of the waste water 
was reduced from 6.1 to 4.5. Approximately 80% of the oil matters at the level of 300 mg/liter floated and 
separated, and the level was reduced to 3 mg/liter at the outlet end. COD and BOD were also reduced 
below 90%, The measurements were taken short time after the noon peak (2:00 PM). The data obtained in 
the evening including the removal ratios were substantially the same. 

In normal households, the flow rate of the sewage peaks in the morning, at noon and in the evening, 
and the capacity of the system should be determined so that the waste liquid may be subjected to the 
anaerobic process for a sufficient time period. For a satisfactory anaerobic process to be carried out. the 
waste liquid should stay in the system at least for more than one hour, preferably for about three hours or 
more. 

Example 2 

Processing of waste liquid produced by fish processing (separation of foreign matters/anaerobic process + 
aerobic process) 

The system used for the tests on the processing of waste liquid from a fish processing plant was 
constructed by using a cylindrical vessel 520 mm in diameter and 3 meters in height with the waste liquid 
flowing downward and a filter layer 2 meters in height, and another vessel 300 mm in diameter and 3 
meters in height using a filter layer 2 meters in height with the waste liquid flowing upward in the vessel. 
The first vessel was intended for oil/water separation and an anaerobic processing of the waste liquid, and 
the second vessel was intended for an additional aerobic process. The water temperature was 20 'C on 
average. 

A floatation separation used to be indispensable in the case of processing waste liquid produced by fish 
processing, but a direct bacteria process was carried out in the second vessel using a plastic foam piece 
aggregale layer located under a means for preventing floatation of plastic pieces consisting of a 5 mm pitch 
screen without using any floatation separation process. 

Since the flow rate was 2 m hour, the anaerobic contact process lasted three hours, and the aerobic 
contact process lasted one hour. 
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Table 2 



w 



J5 



20 



25 



Item 


Original water 


Processed water 


oil matters (mg/Iiter) 
COD (mg/Iiter) 
BOD (mg/Iiter) 
SS (mg/Iiter) 


520 
1.620 
5.300 

520 


3 or less 
30 or less 
20 or less 
20 or less 



in th.s case, a pH level adjustment was carried out following the anaerobic process. 
Example 3 

Processing waste liquid from cattle sheds 

Table 3 
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Item 


Original water 


Processed water 


COD (mg/Iiter) 
BOD (mg/Iiter) 
SS (mg/iiter) 


520 
267 
370 


30 or less 
30 or less 
20 or less 
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A system for processing organic waste liquid, comprising- 

a vessel which is substantially enclosed to define an inner chamber substantially free from external 

:L^:reirspTc:ii^r'" " .iui^^rnrr:; 

inlet\nrS?ul^rrslTrl'"' I?'''" °' '""^ ^^^'^ communicating with said 

miet and said outlet, respectively, said floating filter layer consisting of pieces oartidps nr fi-uo. «f 

S: tr a true or apparent specific gravity substantially egual^o^r'^i:: th^Tof^Iaid was^^^ 
a^'flow rat?^f'S2 ^aid floating filter layer within a prescribed part of said inner chamber; 

wast: z::::^Xs:z:::::, rr"^ - - '° 

A system according to claim 1. wherein a flow rate of said waste liquid passed through said vessel is 
so determined as to allow said waste liquid to stay in said vessel at least for three hour 
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3 A system according to claim 1. wherein said floating filter layer separates said internal chamber into 
upper and lower chambers, and said inlet is provided above said floating f.lter layer wh.le sa.d outlet .s 
provided below said floating filter layer. 

4 A system according to claim 1, wherein said floating filter layer separates said internal chamber into 
upper and lower chambers, and said inlet is provided below said floating filter layer wh.le sa,d outlet .s 
provided above said floating filter layer. 

5 A system according to any one of the preceding claims, wherein said vessel is provided with a 
ver ica^disposed cylindrical shape, and an inflow of said liquid waste from sa,d mlet defines a certa.n 
angle wL respect to a radial line as seen on a horizontal plane of projection and-or a vert.cal plane of 
projection. 

6 A system according to any one of the preceding claims, wherein said floating filter layer fills up said 
ler chamber up ?o an uppermost part thereof, and said means for keeping said loat.ng f,l ter ayer 
within a prescribed part of said inner chamber prevents said floating filter layer from flowing out of sa.d 
inner chamber. 

A system according to any one of the preceding claims, further comprising a second vessel for 
carrying out an aerobic biological process connected to said outlet. 

A system according to claim 7, wherein said second vessel is provided with means for introducing air 
or oxygen thereinto for aeration of waste liquid received therein. 

A system according to claim 7 or 8. wherein said second vessel is also provided with a floating filter 

layer. 

10 A method of processing organic waste liquid, comprising the steps of: 

providing a floating fUter layer in a vessel for filtering waste liquid, ^^^^ '--'^^ '^^^^^^^^ 
consisting of pieces, particles or flakes of material having a true or apparent spec.f.c grav.ty substan- 
tially equal to or less than that of said waste liquid: and 

carrying out an anaerobic biological process on the surfaces of sa.d pieces part.c es or flakes 
forming said floating filter layer and or in downstream and or upstream part of sa.d floatmg layer; 

a Lw rate of said waste liquid passed through sa.d vessel being so detern..ned as to allow sa.d 
35 waste liquid to stay in said vessel at least for one hour. 
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Fig. 1 
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